The changes in the mobile ion content of the DPIL before and after polymerization was assessed by depositing DPIL across two parallel metal electrodes in a capacitor geometry. The metal electrodes (Ti/Au, 3/140 nm) were patterned on an Si/SiO2 substrate with dimensions 20 (width) × 200 µm (length) for each electrode, and a separation distance of 20 µm. The preparation and deposition of DPIL with thermal initiator were the same as described in section 2.2 in the manuscript. The annealing time for polymerization was set to be 1 hour followed by the cooling to 298 K. The charging current was measured on one electrode where a +1 V step voltage was applied. The other electrode was grounded, and the back gate was floated throughout the measurement. Note that the first data point was recorded at ~ 2 ms which is longer than the timescale for dielectric charging [1] , and therefore the data shown here are purely an ionic response.
I. Change of ion mobility after polymerization
The changes in the mobile ion content of the DPIL before and after polymerization was assessed by depositing DPIL across two parallel metal electrodes in a capacitor geometry. The metal electrodes (Ti/Au, 3/140 nm) were patterned on an Si/SiO2 substrate with dimensions 20 (width) × 200 µm (length) for each electrode, and a separation distance of 20 µm. The preparation and deposition of DPIL with thermal initiator were the same as described in section 2.2 in the manuscript. The annealing time for polymerization was set to be 1 hour followed by the cooling to 298 K. The charging current was measured on one electrode where a +1 V step voltage was applied. The other electrode was grounded, and the back gate was floated throughout the measurement. Note that the first data point was recorded at ~ 2 ms which is longer than the timescale for dielectric charging [1] , and therefore the data shown here are purely an ionic response.
Before polymerization, the charging current exhibits an initial spike as the mobile ions in the DPIL begin to migrate toward the electrodes; this current decays to zero as the ions reach their new equilibrium distribution under the electric field. In contrast, no charging current is detectable after 1 hour of thermal polymerization, indicating no detectable mobile ions in DPIL. The result indicates that the annealing of 1 hour at 353 K is sufficient to immobilize ions by polymerization. 
II. Transfer characteristics of as-fabricated device
Backgated transfer characteristics were made on the bare graphene device (the same device in Figure 4 ) in a vacuum probe station using a Keysight B1500A semiconductor parameter analyzer. The results show that the bare graphene device has a single current minima near zero between all electrodes. 
